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Abstract
A n-time generalization of Newton’s law (of universal gravitation)
formula in N = n+ d+1-dimensional space-time is conjectured. This
formula implies a relation for effective N -dimensional gravitational
constant Geff = Gcos
2θ, where θ is the angle between the direction
of motion of two particles in n-dimensional time manifold Rn.
1 Introduction
In [1] a n-time generalization of the Newton’s gravitational law formula in
the N = n + 1 + d-dimensional space-time was suggested. The generalized
Newton’s law force reads
F = G
m1m2
Rd
cos2θ, (1.1)
where G is N-dimensional gravitational constant, m1 and m2 are masses of
interacting point-like particles and R is the distance between them (that is
supposed to be large enough). Here θ is the angle between the direction of
motion of these two particles in n-dimensional time manifold Rn, or, more
explicitly,
cos θ = ~n1~n2, (1.2)
where n-dimensional unit vectors ~n1, ~n1 define the motion of two particles in
the time manifold Rn
~t1(τ) = ~n1τ + ~t01, ~t2(τ) = ~n2τ + ~t02. (1.3)
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2 The “derivation”
The formula (1.1) may be obtained using the following relation for gravita-
tional potential energy
V = −G¯
tr(M1M2)
Rd−1
, (2.1)
where G¯ = G/(d−1), M1 = (m1n
i
1
nj
1
) and M2 = (m2n
i
2
nj
2
) are (multitempo-
ral) mass matrices (inertial or gravitational ones) for the first and the second
particles, respectively. (For d = 2 case see [3].)
Relation (2.1) is a special case of multitemporal analogue of Newton’s law
obtained in [2]
V = −G¯
tr(M1GM2I)
Rd−1
, (2.2)
where M1G is a gravitational mass matrix of the first particle and M2I an
inertial mass matrix of the second particle.
The formula (2.2) was derived in [2] by considering the motion of the rela-
tivistic massive particle in a gravitational background described by multitem-
poral generalization of the Tangherlini solution [5, 6] (see [2] and Appendix).
The derivation of (2.2) was performed in assumption of a non-relativistic
motion of the particle at large distances from the gravitating center. Recall
that the inertial mass matrix for the relativistic particle of scalar mass m is
M = (mninj), where the unit vector ~n = (ni) describes the motion in the
time manifold Rn: ~t(τ) = ~nτ +~t0, where τ is a synchronous time parameter.
The solution in [2] contains both black hole configurations and naked sin-
gularities as well. The relation forM1G in [2] contains some extra parameters,
but for black hole configurations in a space-time with extra time dimensions
(that are trivial generalization of Tangherlini solution [5]) we get that the
gravitational and inertial mass matrices are coinciding, i.e.
MiG = MiI , (2.3)
i = 1, 2 (see Appendix).
3 Discussions
The relation (1.1) implies the following value for the effective gravitational
constant
Geff = Gcos
2θ, (3.1)
2
where θ = θij refers to a pair of two particles labelled by indices i and j.
It follows from (3.1) that Geff = 0 for θ = π/2, i.e. the ”Newtonian”
interaction is absent in this case. It is important that
Geff ≥ 0, (3.2)
i.e. the repulsion is absent.
Now we put d = 2. Let us consider a flow of particles moving in the time
manifold Rn near the t1-axis with small enough values of θij = θij(t
1). Then,
for proper restrictions on θij and θ˙ij imposed, the effective 4-dimensional
gravitational constant Geff may have a small enough variation in t
1-time
(compatible with the observational data) and the weak equivalence principle
will be not violated.
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Appendix
The solution in [2] reads
g = −
n∑
i=1
(1−BR1−d)aidti ⊗ dti (A.1)
+(1− BR1−d)b−1dR⊗ dR + (1−BR1−d)bR2dΩ2d,
where
b = (1−
n∑
i=1
ai)/(d− 1) (A.2)
and the parameters a1, . . . , an satisfy the relations
(
n∑
i=1
ai)
2 + (d− 1)
n∑
i=1
a2i = d. (A.3)
Here B is constant. This solution is a special case of the solution obtained
earlier in [4].
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The black hole configuration takes place when the set (a1, . . . , an) is co-
inciding with one of the points
(1, 0, . . . , 0), . . . , (0, . . . , 0, 1). (A.4)
In other cases we get naked singularities [2].
The gravitational mass matrix corresponding to (A.1) was defined in [2]
as follows
Mij = ai
δijB
2G
. (A.5)
More general form of solution may be obtained by a O(n)-rotation of
time axes t1, ..., tn. For the set (1, 0, . . . , 0) we get a “pure state” (projector)
matrix in (A.5) which may be reduced to the general form M = (mninj)
(where ~n = (ni) is a vector of unit length) by a suitable O(n)-rotation.
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